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Abstract 
One of the problems of modern construction material science is to provide durable composite materials based on affordable and 
low-cost local raw materials (natural resources, industrial wastes, etc.). The application of two-component nano- and 
microdispersed fillers is approved which were actively involved in structure formation of hardened cement paste, adhesive 
strength, as well as a closed system of microvoids. Their polyfunctional effect on structure properties of cellular and heavy 
concrete, mortars, etc. was identified. Reorganization of the pore space by introducing two-component fillers leads not only to 
the strength increase, water and cold resistance, but to the durability of cement composite materials. 
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1. Introduction 
The analysis of Russian and foreign scientific papers on the impact of fine-dispersed mineral components, 
industrial waste of sludge on structure and properties of cement-containing and also silicate, composite and other 
kinds of materials shows that implementation of active mineral fillers as an independent component is one of the 
essential provisions of structure optimization, improvement of construction and technological properties and 
durability as a whole [1-11].  
However, despite the rather large amount of data in this field, there is no consensus on how high dispersion 
mineral fillers effect on durability, structure and properties of cement or lime-silica stone. At present plasticizing, 
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stabilizing and structuring modifiers, hardening regulators, additives that add special properties to concrete and 
mortar, as well as complex polyfunctional modifiers are widely used. 
In this paper, we consider the issues of improving durability of materials made with chemically active fillers – 
sludge waste and two-component (binary) components  
2. Methods 
2.1. Sludge wastes 
A group of inorganic fillers, used to control the sorption process in water binding mixtures, are industrial sludge 
wastes formed by the type of sol-gel technology, particularly sediments after water-purification, water treatment 
processes and water softening [2, 5, 8, 10-18]. The superatomic sludge structure research shows that particle sizes 
are at the average from 40 to 80 nm; specific features of sludge formation (in the form of wastewater sludge) can be 
attributed to nano-technogenic raw material [2, 5, 10-15]. 
The main ingredients allow us to classify sludges into mineral and organomineral. Depending on the scope of an 
industrial enterprise and sludge formation, there are carbonate, calcium aluminum, aluminum alkaline and 
polymineral sediments [2, 5]. The feature of sludges is a high degree of self-organization determined by uniformity 
coefficient, that is, the quality of solid particles packaging in the filled systems at the stage of materials structure 
formation. It is known that self-organization processes are related to the motion of particles and dependent on their 
diameter, density, ability to encounter and interact with other particles. Movable and nanoparticles of sludges 
transfer to a stable state by a non-equilibrium, which determines a high degree of randomness and the ability to self-
organization. This fact determines their final high degree of uniformity. Such fillers are distinguished by excess 
energy, chemical interaction and the contact zone formation between binder (cement, lime, etc.) and filler with good 
adhesive strength. In particular, carbonate sludge is one of the most efficient nanoscale fillers for cement- containing 
materials, and it is actively involved in shaping the structure and properties of the contact zone in the manufacture of 
various types of concrete, dry mixtures, solutions, etc. [2, 5, 12]. 
2.2. Binary fillers 
Estimating the effect of fine (nano- and micro-sized) particles on the structure and properties of cement paste, we 
note that they are additional crystallization centers, also, they increase the surface energy, which in turn favorably 
affects the strength characteristics as well as water and frost resistance of cement stone [13, 19, 20].  
The two-component (binary) fillers combining tougher particles with soft ones, more active with less active 
(represented by CaCO3 and MgCO3 compounds as nanosized particles, and micro-sized particles of sand), and they 
differ in surface energy and damping properties; dust of building enterprises can be classified among such fillers 
[21-24]. Nanoparticles allow the filler to actively participate in physical and chemical processes, as they differ in 
fractal dimension and high degree of self-organization. This process is one of the key to obtain a stable structure, 
and the desired properties of the filled materials. The purpose of quartz is to change pores (of capillary porosity) 
dimensions and form finely porous stone structure, thereby providing the increased cold and water resistance.  
The second component (CaCO3, MgCO3) is less durable and more reactive, it is involved in the physical and 
chemical processes of interaction in coarse cements, which are characterized by high pore volume, including open 
and interconnected. 
Carbonate incorporations are damping components and additional crystallization centers. Moreover, they 
participate in the formation of new crystalline compounds (in particular, calcium hydrocarboaluminates), which 
together with previous measures favorably affects the strength characteristics, water and frost resistance of cement 
stone. 
Another important factor is an early strength increase (7-10 days) when implementing the two-component nano-
sized filler. In conjunction with the porous structure reorganization of the macropore volume at an early age, there is 
a reduction of pore sizes in 3.6-4.5 times. Thus, the reorganization of the pore space by implementing the two-
component filler causes not only the increase in strength, but also the durability of cement compositions. 
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3. Results 
In accordance with the Polystructural Theory of Composite Construction Materials by prof. V.I. Solomatov), the 
composites structure may be regarded as an interrelated whole – from the atomic-ion level to coarse macroscale 
objects [25]. The composite materials properties at the level of microstructure are determined by the degree of 
filling, dispersiveness of fillers, active interaction between binders and fillers and other factors. For instance, binary 
fillers create not only the content of binders, but also improve the possibility of chemical interactions between the 
hydrolysis and hydration, thereby laying the foundation for higher durability of the material under operating 
conditions. However, in our opinion, the preparation and application of fillers different in composition, properties, 
dispersiveness require new methods of research raw mixtures and finished products. Technological modes for the 
filled cement-containing materials preparation have to provide heterogeneity of the system, that is, to create 
conditions for cluster formation of dispersed particles. The role of cluster formation is not sufficiently appreciated 
that substantially reduces the significance of the fillers role in a complex filled system [25].  
Thus composite is a system with several structural levels arranged across the interface into a single unit on the 
basis of structural organization [25-28]. Cluster structures are particles aggregates that are combined by binders and 
connected with surface forces. The interaction between the filler and the binder in the process of technological 
conversions produces a synergistic effect (material is of new quality) [25-28]. In the compositions undergoing 
mixing step, sealing, heat treatment, etc., there are self-organization processes of structure typical for the cluster 
system caused by free surface energy excess of the dispersed particles. A cluster is a spontaneously occurring 
collection of many particles connected with interaction forces, preserving their individuality in the microstructure 
[25]. The cluster can be regarded as a kinetic element of the structure, as it arises and is formed in the material 
formation processes (nucleation, phase transitions, phase separation, and others).  
4. Discussion 
Thus a positive role in enhancing the durability of cement-containing building materials perform nanoparticulate 
fillers, that under pressing conditions form a monolithic material structure. It is desirable that nanofillers have 
chemical activity, and among other recommendations we mention the following [1-5, 24-28]: 
It is preferable to use multicomponent compositions, components must be partially in unstable active form, and 
the part – in the form of crystalline compounds. Unstable components containing SiO2, Al2O3 and basic oxides, 
which with alkaline form the tumors group of different activities are the basis of hardening;  
x Complex binders’ activity is largely determined by surface activity, so it is preferable to use fillers in nano- and 
microdispersed state; 
x Products preparation on the basis of such compounds and compositions is desirable to carry out by the method of 
pressing or hyperpressing (contact-condensation hardening) to provide contact between the particles under the 
water shortage conditions (including free water) in the system; 
x Hardening conditions also play an important role, and it is preferable if the process is carried out at low 
temperature exposure (~ 80 ... 1050°C). 
In general, the processes of cluster formation, reorganization of cement-containing, silicate pore space systems by 
nanofillers implementation allow eventually obtain materials with improved operating characteristics that determine 
their durability. 
5. Conclusion 
At present there is an increase in creating progressive, environmentally safe mineral binders and composite 
building materials based on them that are distinguished by low power consumption, low cost of the production 
establishment that allow to obtain the construction products with high functional properties and durability. In this 
regard, during the construction of the region housing there is a need for intensive use of local raw material 
resources; strive to increase the diversity of output products, including small-pieces and small-format products and 
materials as well as implementation of low power technology [29-30]. Theoretical studies development should serve 
as an impetus for the local manufacture of efficient binders and materials. A variety of industrial and household 
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waste, which can be used as additives, fillers, including nano-technogenic raw material, under the terms of its 
formation, aggregation state, activity, chemical and mineralogical and phase composition allow not only to expand 
the resource base of these materials, but also to greatly improve their properties due to the formation of self-
organization structure processes at all technological stages. 
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